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(71) We, Ecodyne Corporation, a carries the lighter anion exchange resin to an 

corporation organized under the laws of the upper portion of the column, while allow- 

State of Delaware, United States of America, ing the cation exchange resin to sink to the 

of 111 West Jackson Boulevard, Chicago, bottom. These separated resins are removed 

5 Illinois 60604, United States of America, from the separation column and transferred 50 

do hereby declare the invention, for which to regeneration columns for regeneration 

we pray that a patent may be granted to us, and rinsing. Subsequent to regeneration, the 

and the method by which it is to be per- resins are mixed and transferred back to the 

formed, to be particularly described in and service column. 
10 by the Mowing statement : Delivery of resin to the separation 55 

The present invention relates to improved column is controlled by opening and closing 

apparatus for controlling the level or solid a valve on the resin conduit leading from 

ion exchange resin in a separation column, the service column to the separation 

A commercially important and highly sue- column. In a " C.I. W type of system, no 

15 cessful method for demineralizing water is a pump is required on this line, since the pres- 60 

mixed-bed ion exchange system, which sure in the service column during the service 

employs one or more service columns filled cycle forces resin through the conduit. How- 

with a mixture of anion and cation exchange ever, in other types of systems, a pump may 

resins. The cation exchange resin is gener- be required. TTie delivery of resin to the 

20 ally in the hydrogen form, although it may separation column is controlled in accord- 65 

also be partially or completely in the ance with the resin level within the column, 

ammonium form, while the anion exchange When the resin rises to a predetermined 

resin is in the hydroxide form. A particu- level, the delivery of resin to the separation 

larly successful system for mixed-bed ion column is halted for a given period of time, 

25 exchange is the so-called " CI." or M con- after which exhausted resin is again 70 

tinuous countercurrent ion exchange M delivered to the separation column until it 

process, as marketed by the Graver Water again rises to the aforementioned predeter- 

Conditioning Company. This process mined level, 

employs a service column that is normally A diffifficulty arises in sensing the level of 

30 maintained under pressure, and which son exchange resin within the separation 75 

delivers raw water to the resin in an upfiow column. Conventionally, photoelectric cells 

direction. The pressure within the column have been used to perform this sensing 

forces exhausted resin out at the bottom function. While photocells are adequate to 

during the service cycle. Periodically, the sense the presence of bead resin, which is 

35 service column is depressurized, and generally in the size range of about 20 to 80 

regenerated resins are introduced at the top. 60 mesh, and to distinguish this bead resin 

In order to regenerate the ion exchange from water, a difficulty arises because the 

resins it is necessary that they first be upfiow of water within the separation 

separated. This separation step is carried column carries fines upwardly, producing a 

40 out in a separation tank or column to layer of fines above the bead resin. These 85 
which the resin is delivered from the service fines comprise mainly finely divided resin 

column. Because the anion exchange resin that is produced by mechanical abrasion of 
is less dense than the cation exchange resin, the resin beads during handling. The fines 
the resins may be separated by an upflow also include small particles of solids 
45 of water in the separation column, which removed from the water during the service 90 
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cycle. When a photocell is employed to 
sense the level of resin in the separation 
column, these fines can " fool " the cell by 
interrupting the light beam, which will pre- 
5 maturely halt delivery of resin to the 
separation column. Since the separation 
column therefore will not contain the proper 
level of resin, its efficiency of operation will 
be impaired. 

10 Even without the problems of fines, the 
use of photocells presents additional diffi- 
culties. A primary difficulty with photo- 
cells is their tendency to become dirty and 
corroded during use, so that the unit must be 

15 shut down in order to have them cleaned. 
In addiion, the general unreliability of the 
photocells, requires the presence of more 
than one cell within the separation column 
to act as emergency shut-off means in the 

20 event that the primary photocell ceases to 
properly perform its function. 

Generally, the present invention relates to 
improved apparatus for controlling the level 
of solid ion exchange resin in a separation 

25 tank that is completely filled with water and 
ion exchange resin, the improved apparatus 
eliminating the use of photocells. As is 
conventional, the improved apparatus 
includes mixed resin inlet means which com- 

30 municate with the separation column. Valve 
means are located on the mixed resin inlet 
means, and control means are operatively 
connected to the valve means. Sonic level 
sensor means communicate with the interior 

35 of the column. The sonic level sensor 
means include first and second transducer 
means, the first transducer means being 
adapted for generating an ultrasonic signal 
having a frequency in the range of one to 

40 five megacycles per second, and the second 
transducer means being adapted for receiv- 
ing the ultrasonic signal. The transducer 
means are operatively connected -to the 
control means to open and close the valve 

45 on the mixed resin inlet means responsive to 
the level of resin in the separation column as 
determined by the ultrasonic signal. 

The invention will be best understood by 
reference to the following detailed descrip- 

50 tion, taken together with the drawings, in 
which : 

FIGURE 1 is a diagrammatic elevation 
view of an ion exchange resin separation 
column embodying the present invention; 
55 FIGURE 2 is a fragmentary view of the 
apparatus shown in FIGURE 1. illustrating 
the details of the sonic probe; and 

FIGURE 3 is a diagramatic elevation 
view of an apparatus illustrating a second 
60 embodiment of the present invention. 

The first embodiment of the present inven- 
tion, as shown in FIGURES 1 and 2, is one 
in which the aforementioned sonic sensor 
means comprise a probe positioned within 
65 the separaton column at the desired level of 



the bead resin. The probe has a gap that 
is sufficiently large to allow it to be filled 
with ion exchange resin beads in the size 
range of about 20 to 60 mesh, whereby to 
interrupt the signal between the afore- 70 
mentioned first and second transducer 
means. 

In the second embodiment, as shown in 
FIGURE 3. the first and second transducer 
means are located at ;he lop of the column, 75 
and the first transducer means include means 
for emitina downwardly directed ultrasonic 
pulses, while the second transducer means 
are positioned to receive echoes from these 
pulses reflected off the surface of the bead 80 
resin in the tank. Time sensing means are 
provided for sensing the lime delay between 
the delivery of a pulse at the first transducer 
means and the receipt of an echo at the 
second transducer means. The time delay 85 
will indicate the level of resin within the 
tank, the longer the delay the lower the resin 
level. The control means include means for 
controlling the valve on the mixed resin 
inlet means responsive to changes in this 90 
time delay. 

Referring to the drawings, and more 
specifically to FIGURE 1, there is illustrated 
one embodiment of the present invention. 
Basically, the apparatus comprises a separa- 95 
tion column, indicated generally by refer- 
ence 10, having a relatively larger diameter 
upper portion 12 and a relatively smaller 
diamerer lower portion 14. While it is not 
essential to employ a separation column 10 100 
having such a shape, the larger upper portion 
12 of rhe column 10 produces a smaller up- 
flow rate of water in this portion, and thus 
leads to more efficient separation of the 
resin. 105 

Water is introduced imo the column 10 
through a water inlet pipe 16 communicat- 
ing with a lower portion thereof. This water 
is withdrawn from the column 10 at a water 
outlet pipe 18 communicating with an upper 110 
portion thereof. As shown on the drawing, 
this upflow of water separates rhe resin into 
the more dense cation exchange resin 20, 
occupying the lower portion 14 of the 
column 10, and the less dense anion exchange 115 
resin 22, occupying the upper portion 12. 
Because of the upflow of water from the 
water inlet pipe 16 to the water outlet pipe 
18, a layer of fines 24 is produced at the top 
of the resins above the layer of anion resin 120 
beads 22. 

Separated anion exchange resin is 
removed from an upper portion of the 
column 10 through an anion resin outlet 
conduit 26, while cation exchange resin is 125 
removed from the bottom of the column 
through a cation resin outlet conduit 28. 
Both the anion and cation resin outlet con- 
duits 26, 28, respectively, lead to suitable 
regeneration columns (not shown) for each 130 
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of these resins. 

Exhausted resin from the service column 
(not shown) is delivered to the separation 
column 10 through a mixed resin inlet con- 
5 duit 30, preferably communicating with a 
central portion of the separation column 10. 
The mixed resin inlet conduit 30 has a valve 
32 which is connected to control means 34 
by a suitable control conduit 36, which may 
10 be pneumatic, electrical, mechanical, 
hydraulic, etc. The control means 34 is, in 
turn, connected by a control conduit 38, 
which preferably is an electrical conduit, to 
the sonic probe, which is generally indicated 
15 by reference numeral 40. The sonic probe 
is preferably but not essentially, positioned 
at the desired maximum level of bead resin 
within the separation column 10. 
Referring to FIGURE 2, the sonic probe 
20 40 is of elongated configuration, and posi- 
tioned horizontally within the separation 
column 10. The sonic probe 40 comprises 
a main body portion 42, which is annular 
in shape, and which penetrates the side wall 
25 of the separation column 10. A first trans- 
ducer means 44, for generating an ultrasonic 
signal in the range of 1 to 5 megacycles per 
second is positioned at the end of the main 
body portion 42, This transducer means 
30 may be of any conventional design, as is 
well known to those skilled in the art, such 
as a piezoelectric crystal. Second transducer 
means 46 are spaced from the first trans- 
ducer means 44 by a gap 48, the second 
35 transducer means 46 being held in spaced 
relationship with the first transducer means 
44 by suitable spacer members 50. These 
spacer members 50 are also capable of 
carrying an electrical signal. 
40 The width of the gap 48 is not critical, 
except that it must be sufficiently wide to 
permit exchange resins beads in the size 
range of 20 to 60 mesh to enter the gap 48, 
and also must be sufficiently wide to prevent 
45 these resins from becoming jammed within 
the gap 48. On the other hand, the gap 48 
should not be excessively wide, as an exces- 
sively wide gap 48 would require very high 
signal strength generated at the first trans- 
50 ducer means 44 in order to operate the 
device. Generally, a gap 48 in the range of 
about 1 to 2 inches, and preferably about 
1.5 inches, is preferred. 
In operation, referring to FIGURES 1 and 
55 2, resin is delivered to the separation 
column 10 by opening the valve 32 on the 
mixed resin inlet conduit 30. While resins 
are being delivered, water is delivered at a 
carefully controlled rate in an upflow direc- 
60 tion through the column, being introduced at 
the water inlet pipe 16 and removed at the 
water outlet pipe 18. By properly control 
ling the flow rate of -this water, the resin is 
separated into a lower layer of cation 
<>5 exchange resin 20 and an upper layeT of 



anion exchange resin 22. At the same time, 
a layer of fines 24 will normally be pro- 
duced above the anion exchange resin 22. 
While these fines 24 enter the gap 48 between 
the first and second transducer means 44, 46. 70 
respectively, these fines do not sufiiciently 
interrupt the ultrasonic signal to indicate 
that the valve 32 should be closed. As the 
level of resin within the column 10 continues 
to rise, the bead resin 22 eventually pene- 75 
trates the gap 48 in the sonic probe 40. This 
interrupts the signal between the first and 
second transducer means 44, 46. 

The fact that no signal is being received 
by the second transducer means 46 is trans- 80 
mitted to the control means 34 through the 
control conduit 38. Because no signal is sent, 
the control means 34 will automatically 
deliver a signal to the valve 32 through the 
control conduit 36, closing the valve 32, and 85 
halting the delivery of mixed resin to the 
column. Also at this time, a timer is started 
within the control means 34, which is set to 
run for a predetermined interval. This inter- 
val should be long enough to allow the resin 90 
in the column to fall below the level of the 
sonic probe 40. 

After this predetermined interval has ex- 
pired, the sonic probe 40 is again operated 
in order to determine whether or not there 95 
is any resin at the level of the sonic probe 
40. Assuming that a signal passes between 
the first and second transducer means 44, 
46, the control means 34 will sense that 
there is no resin at the level of the probe 40, 100 
and will open the valve 32. The valve 32 
will remain open until the ultrasonic signal 
delivered from the first transducer means 44 
to the second transducer means 46 is again 
interrupted. 105 

In order to be sure that the ultrasonic 
probe 40 is not *' fooled " by the fines 24, it 
is necessary initially to adjust or "tune" 
the probe 40. This is accomplished by 
simply adjusting the amount of gain on the 110 
first transducer means 44 to produce an 
ultrasonic signal of sufficient strength that 
it is not interrupted by resin fines, but of 
insufficient strength to be passed through the 
bead resin. 115 

As previously mentioned, the first trans- 
ducer means should have an ultrasonic out- 
put in the range of about 1 to 5 megacycles. 
Best results are obtained in the preferred 
frequency range of about 1.5 to 3.0 mega- 120 
cycles per second; the most preferred range 
being about 2.6 to 3.0 megacycles per 
second. 

FIGURE 3 shows a second embodiment 
of the present invention. The separation 125 
column 10 and its basic operation are the 
same as for the embodiment shown in FIG- 
URE 1, and like parts are designated by like 
reference numerals. In the second embodi- 
ment, the first transducer means 52 and the 130 
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second transducer means 54 are located at 
the top of the tank 10. The first transducer 
means 52 produces an ultrasonic signal in 
the range of 1 to 5 megacycles per second, 
5 preferably about 1.5 to 3.0 megacycles per 
second, this ultrasonic signal being directed 
downwardly toward the upper surface of the 
bead anion exchange resin 22. The sound 
waves wiJl strike the top of the bead resin 
10 22, and will produce an echo which is re- 
flected back to the second transducer means 
54. The time elapsed from the production 
of a signal at the first transducer means 52 
to the receipt of a signal at the second 
15 transducer means 54 is sensed at the control 
means 56, which is calibrated to close the 
valve 32 when this time period falls below 
a preselected interval, corresponding to the 
maximum level of the resin within the 
20 separation column 10. As with the embodi- 
ment shown in FIGURES 1 and 2, the valve 
32 is kept closed for a predetermined time 
interval, after which it is opened, and resin 
is again delivered to the column until it 
25 reaches the maximum desired level. The 
first transducer means 52 may be "tuned" 
by adjusting the intensity so that fines will 
not be sensed, while bead resin will. 
A particular advantage of the embodi- 
30 ment shown in FIGURE 3 is that the desired 
maximum level within the column 10 may 
be easily adjusted without the expense of 
repositioning the probe, as may become 
necessary with the embodiment shown in 
35 FIGURES 1 and 2. A second advantage is 
that the level of resin within the column 10 
may be maintained relatively constant by 
providing a variable control for the valve 
32. This control may be operated to increase 
40 the rate of resin delivery if the resin falls 
ibelow the desired maximum level, while 
decreasing the rate of delivery if the resin 
rises above the desired level. Such precise 
control cannot be accomplished with the use 
45 of a probe. 

Although the speed of sound (and there- 
fore the time delay to produce an echo) will 
vary with temperature, the temperature is 
ordinarily relatively constant in a resin 
50 separation column. Should significant tem- 
perature variations be encountered, tempera- 
ture sensing means (not shown) may be pro- 
vided, these temperatures sensing means 
being connected to the control means 56 to 
55 automatically compensate for temperature 
variations. 
WHAT WE CLAIM IS:— 
1. Apparatus for controlling the level of 
solid ion exchange resin in a separation 
60 column, said column, in use, containing ion 
exchange resin and being filled with up- 



wardly flowing water comprising: mixed 
resin inlet means communicating with said 
column; valve means on said mixed resin 
inlet means; control means operatively con- 65 
nected to said valve means; sonic level 
sensor means communicating with the 
interior of said column, and including first 
and second transducer means, said first trans- 
ducer means being adapted for generating an 70 
ultrasonic signal having a frequency in the 
range of 1-5 megacycles per second, and 
said second transducer means being adapted 
for receiving said ultrasonic signal, said 
transducer means being operatively con- 75 
nected to said control means to open and 
close said valve responsive to the level of 
resin in said tank as determined by said 
ultrasonic signal. 

Z The apparatus as defined in claim 1 80 
wherein said sonic level sensor means com- 
prise a probe positioned within said column 
at the desired level of said resin, said probe 
having a gap that may be filled with said ion 
exchange resin granules, whereby to inter- 85 
rapt said signal between said first and second 
transducer means. 

3. Apparatus as defined in claim 2 
wherein said first transducer means is 
adapted for generating an ultrasonic signal 90 
having a frequency in the range of about 
1.5 to 3.0 megacycles per second. 

4. Apparatus as defined in claim 3 
wherein said gap is 1 to 2 inches in width. 

5. Apparatus as defined in claim 1 95 
wherein said first and second transducer 
means are located at the top of said tank, 
and said first transducer means include 
means for emitting downwardly directed 
ultrasonic pulses, and said second transducer 100 
means are positioned to receive echoes of 
said pulses reflected from the surface of the 
resin in said tanks, time sensing means for 
sensing the time delay between the delivery 

of a pulse at said first transducer means and 110 
receipt of an echo at said second transducer 
means: and wherein said control means in- 
clude means for controlling said valve 
responsive to changes in said *ime delay. 

6. Apparatus as defined in claim 5 115 
wherein said ultrasonic signal has a fre- 
quency in the range of 1.5 to 3.0 megacycles 
per second. 

7. Apparatus for controlling the level of 
solid ion exchange resin, substantially as 120 
herein described with reference to the 
accompanvins: drawings. 

A. A. THORNTON & CO. 
Chartered Patent Agents. 
Northumberland House, 
303/306 High Holborn, 
London. W.C.I. 
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